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Basically, the National Electrical Code treated
hermetic motor-compres sors in much the same manner
as conventional motors until 1951 when the differences in application where partially acknowledged.
Partly as a result of this, the Laboratories maintained a rather informal type of recognition of
motor-compres sors since the National Electrical
Code did not contain sufficient requirements speci~
ically aimed at this type of component. One reason for this might be the wide variety and somewhat
more sophisticated type of motor-protecti on system
used with compressors as compared with the conventional type of motor seen in the field.

INTRODUCTION
This paper deals with the development of a Safety
Standard covering sealed motor-compres sors intended for use in air conditioning and refrigeration equipment which conform with the Underwriters'
Laboratories Standards applicable to such end-use
equipment. The requirements also apply to motor
protection systems Hhich may be provided with the
motor-compres sor. The Scope of the Standard is
such that it covers alternating-cu rrent compressors
with ratings up to 600 volts, either single or
three phase, but does not include additional requirements applicable to equipment designed for use
in hazardous locations as defined in the National
Electrical Code; except that welded hermetic compressor enclosures have been found suitable in
equipment intended for use in certain Classes and
Groups of hazardous locations.
Standards issued by Underwriters' Laboratories, In<:serve a variety of purposes including guidance and
consistency in the application of requirements by
our staff, guidance for design and safety performance of products by manufacturers, and a basis for
follow-up inspection of the particular category of
product. UL Standards are identified as Standards
for Safety since they incorporate what are considered to be the minimum requirements for safe design
and, in most cases, performance of devices and
materials.
NEED FOR A STANDARD
Sealed (hermetic type) motor-compres sors have been
used in refrigeration and air conditioning equipment for many years. Initially, these components
were investigated by the Laboratories as part of
the overall equipment. However, as their use becaine more extensive, particularly following World
War II, a Component Program was established by the
Laboratories to provide a mechanism for investigating ~nd recognizing these special-use devices for
the compressor manufacturer. This provided a service to both the component manufacturer and the
equipment manufacturer, and also avoided duplication of effort in the investigation of these
components.

In 1965, however, the Chairman of the National
Electrical Code Correlating Committee requested
that a special technical Subcommittee be established to study the unique features of air conditioning and refrigeration equipment employing
hermetic motor-compres sors. The Subcommittee consisted of individuals representing manufacturers
of air conditioning and refrigeration equipment,
motors and compressors, control equipment, wiring,
and wiring devices as well as representative s of
local inspection authorities and public utilities.
The Subcommittee was chaired by a representative
of the Laboratories and the intent was to develop
a specific Article for the Code to eliminate confusion in applying Code requirements to this sort
of equipment. Partial progress was made with publication of the 1968 National Electrical Code
which incorporated some significant revisions of
Article 430 as it related to hermetic compressors.
Subsequent study culminated with inclusion of ne''
Article 440 in the 1971 Code.
The effect of Article 440 on refrigeration and air
conditioning equipment was discussed at a meeting
in February, 1972 with an Industry Advisory Group,
which represented a broad variety of manufacturers
of equipment employing hermetic motor-compres sors.
The primary purpose of this Group was to assist
the Laboratories in preparing a planned program
for revision of our Standards to obtain conformance with the new Article. Essential!~ it was
established that Article 440 contained three categories of requirements, some being permissive in
nature, some representing rather simple changes,
with the third group involving major revisions
and/or extensive testing of equipment.
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Results o£ this meeting were reported to our Electrical Engineering Council and Manufacturers in
March, 1972. As a first step in implementing the
requirements of Article 440, specific proposals
covering permissive changes were submitted to various equipment manufacturers in May of this year.
Of particular significance, is the fact that Article 440 for the first time introduces requirements
into the Code relating to the maximum trip current
value for thermal protectors or protective systems
which incorporate thermal protectors. Sections
440-52(b)(2) and 440-52(b)(4) indicate that thermal
protectors or protective systems are not to permit
a continuous current in excess of 156 percent of
the marked rated-load current or branch-circuit
selection current. During our m 2eting with the Industry Advisory Group, it was the consensus that
the value of trip current could be established
either by tests of the particular piece of air conditioning or refrigeration equipment, or by testing
individual motor-compressor-protector combinations
based on standardized conditions for system applications. Since the Laboratories has not previously
conducted this sort of test, we are presently accumulating information from manufacturers in order to
develop requirements which will be compatible >vith
the intent of the Code with respect to protection of
the motor-compressor, motor-control apparatus, and
branch-circuit conductors against excessive overheating due to motor overload and failure to start.
Paralleling activities relative to the Code, the
Laboratories prepared a proposed outline of investigation solely for use by our engineers in evaluating
hermetic motor-compressors. However, it rapidly became apparent that a published Standard would be
extremely desirable, not only because of the increasing concern over consumer safety but also because of the entry of many more companies into the
manufacture of these components. Again, the need
for guidance and consistency in application of requirements, for both the manufacturer and UL engineers, was of extreme importance.
MECHANICS OF DEVELOPING THE STANDARD
In 1969, a concentrated program was initiated to
develop a Safety Standard for motor-compressors.
As part of this program, an Industry Advisory Conference was established, consisting of six compressor manufacturers and three manufacturers of hermetic motors. These individuals were selected for
their recognized judgment and familiarity with the
product, representing the Industry as a whole rath~
than any one manufacturer or trade association.
In May, 1969, the initial draft of the Standard was
presented to the Industry Advisory Conference for
their study and comments. The Laboratories carefully reviewed these comments and our first meeting
with the lAC Group was held in October, 1969. As a
result of this Meeting, a revised draft of the proposed Standard was issued in December, 1969 and was
given wide distribution including submittal to our
Casualty and Electrical Engineering Councils, to
compressor manufacturers, to manufacturers of hermetic motors, and to others known to have an interest in this area. Careful review of this draft

provided many helpful suggestions.
In July, 1970, the Laboratories presented a considerable number of revisions of the proposed Standard
to tl1e Industry Advisory Conference membership. A
second Meeting with the Conference was held in January, 1971. This was followed by a Report and
accompanying redraft of the Standard to our Engineering Councils, Industry, and others known to have
an interest in this area resulting in final revisions of the proposed Standard in May, 1971. The
first edition of the Standard was then published in
July, 1971 containing a number of new requirements,
and representing approximately 2-1/2 years o£ effort. To some, this may appear to be an unusually
long period but it must be realized that there were
few guidelines available other than those which had
been informally set down by the Laboratories.
BASIC STRUCTURE OF THE STANDARD
Essentially, the Standard consists of three sections
covering construction, performance, and manufacturing and production tests.
Construction
The construction section includes a statement concerning the Scope of the Standard, definition of
terms used in the Standard and general requirements
relating to such items as the motor-compressor enclosure, electrical enclosures, wiring and wiring
methods, current-carrying parts, insulating materials, electrical spacings including those applied
to the hermetic motor, motor construction and control equipment.
Performance
The performance section includes hydrostatic
strength requirements for compressor enclosure, determination of the rated locked rotor current,
locked rotor tests of motor-protection systems,
primary single phasing tests of three phase assemblies, and dielectric withstand tests. Limited
short circuit test requirements for motor protective devices are also included.
Both for rating and locked-rotor test purposes, the
Laboratories uses nominal test voltages of 120, 208,
240, 277, 480 and 600 volts for compressors rated
110-120, 200-208, 220-240, 254-277, 440-480, and
550-600 volts, respectively. With regard to measured locked-rotor current, the motor-compressor
assembly is not to exceed 110 percent of the current rating assigned to the compressor by the manufacturer. The current is measured 4 seconds after
the compressor is energized and the Laboratories
uses a formula which relates measured currents and
voltages to the rated values assigned by the manufacturer in •Gtermining compliance with this requirement.
The predominant type of motor protection system
associated with compressors employs automatic reset devices. In order to ~stablish the reliability
of these components, a locked rotor test is conducted for a period of 15 days but not less than
2000 cycles. The minimum 2000 cycles of operation
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is particularly aimed at protective systems consisting of a number of components, in particular thermostats mounted on or in proximity to the motor windings. In such cases, the thermostat generally provides a rather long "off" time, commonly on the
order of 20 to 30 minutes. The Standard incorporates a mechanism by which the locked-rotor test can
be terminated at the end of 15 days provided the individual components of the protective system are
separately investigated for endurance u~ing an artificial load. The advantage of this is obviously the
ability to reduce the test period from 2 to 3 months
which would normally be needed if the entire program
were conducted using the actual compressor assembly.
Because of field difficulties encountered in routing
of motor and protective device wiring, internal to
the compressor, a vibration test is incorporated in
the Standard. Essentially, the test is patterned
after "shipping tests" used by many manufacturers.
Where proper routing and/or protection of wiring
cannot be determined by visual examination, the
motor-compressor is subjected to a vibration test in
which the sample is mounted on a base which will
maintain the motor-compressor in its normal upright
position. The internal wiring and/or its supplementary protection is arranged as permitted by the
design so that it bears against any surface, edge,
or part which the wiring is likely to contact and
may cause abrasion. During this test the electrical
connections are to remain intact.
The test apparatus consists of a vibration tabln
1-1hich provides synchronized motion with a total displacement of 1 inch. This motion is circular in
the vertical plane with the table level at all
times. The test sample is positioned on the table
but not secured in place except that it may be
loosely restrained to limit the area of travel. The
speed of the apparatus is adjusted so that the vibration frequency generates a 1/16 inch vertical
displacement of the motor-compressor from the table.
During the test the compressor assembly is rotated
90 degrees from a previous position so that four
positions of tl1e sample are subjected to vibration,
each position being for a period of 105 minutes.
After completion of vibration, dielectric withstand
tests are conducted at points of possible abrasion.
For wiring, the conductor and metal foil wrapped
around the insulation surface are used as the electrodes. For supplementary protection, such as
sleeving, the electrodes consist Qf a conductor or
~onductors inserted in the protective means and
metal foil wrapped around its outer surface. A
potential of 2500 volts is then applied for 1 minute between the electrodes to determine that the
Hiring insulation or its supplementary protection
continue to perform as intended.

Manufacturing and Production Tests
With regard to manufacturing and production tests,
~eakage pressure tests are required of each motorcompressor assembly consistent with the intent of
the ANSI B9.1 Safety Code for Mechanical Refrigeration. Additionally, periodic hydrostatic strength
tests of the compressor enclosure are conducted.
The manufacturer is also required to conduct dielectric withstand tests on each assembly, the test
potential being based on the voltage rating of the
compressor. Essentially, the test consists of
applying a potential of 1000 volts to compressors
rated 250 volts or less, and 1000 volts plus twice
rated voltage for compressors rated above 250 volts.
The potential is applied between current-carrying
parts and dead-metal parts for a period of 1 minute,
except the time of application may be reduced to
1 second if the test potential is increased to 120.
percent of the value mentioned above.
RECOGNITION OF MOTOR-COMPRESSORS
Since the Standard is limited in Scope, that is,
no provisions are made for evaluation under normal
running conditions, coverage is incomplete to the
extent that certain constructional features and
performance capabilities can only be evaluated when
applied to a complete piece of equipment. In
effect, we have not attempted to cover motor-compressors for direct separate installation in the
field but, rather, have limited acceptance of the
compressor to its installation and use in complete
equipment submitted to the Laboratories for investigation.
Some years ago, the Laboratories established a Component Recognition Program intended to cover similar situations with other devices and, with publication of the Standard, motor-compressors will be
included in this Program. They will appear in our
Recognized Component Index, which is issued annually and is primarily for use by equipment manufacturers in selecting components to help reduce
the extent of our investigation of the end-use
product.
As an important part of this program, the Laboratories has also iniciated a program for recognition of hermetic motor parts. This provides the
similar advantage of covering basic construction
for the motor manufacturer thus relieving the compressor manufacturer of certain but not all responsibilities in this area.
PRESENT DEVELOPMENTS
Review of New Requirements

Requiremer,i.s pertaining to compatibility of electrical insulating materials and systems with refrigerant-oil atmospheres are also included in the
Standard. This area, of course, has been the subject of muc~1 discussion in the Industry and will be
covered in further detail later in this paper.

Reference Has previously made to new requirements
applicable to motor-compressors as a result of
publication of the Standard. In this regard, a
date of August 4, 1972 was established for application of these requirements and the Laboratories
is presently conducting a review program to determine that all recognized compressors comply with
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the appropri ate requirem ents by that date. The
term "appropr iate requirem ents" is used purposel y
because of the fact that some degLee of latitude is
permitte d dependin g on how the compress or is to be
applied; an example of this would be the more
stringen t corrosio n protectio n requirem ents for
compress ors intended for equipmen t installe d out-o~
doors as opposed to compress ors intended solely for
indoor use.

minutes between turn-to- turn inrepresen tative samples are used
of the insulatio n system is based
of five o'f these samples.

The proposal also includes sealed containe r (tube)
tests to evaluate compati bility of minor insulatio n
parts added to or changed in a particul ar insulation system. In this regard, major insulatio n
parts are consider ed to be ground insulatio n and
enameled magnet wire. All other insulatio n system
parts such as tapes, lead wire, splice insulatio n,
tie cords, phase barriers , thermal protecto r coverings, and the like are consider ed to be minor insulation parts. The minor parts are evaluate d much
in the same manner as motorett es except that
twisted pairs of magnet wire are used in conjunction with the new insulatin g material or material s.
Again, acceptan ce is essentia lly based on dielectric withstan d tests conducte d in accordan ce with
ASTM Procedur es dependin g on the function of the
particul ar material .

American National Standard s
Many of the Standard s develope d by Underwr iters'
Laborato ries, Inc. are submitte d to the American
National Standard s Institut e for recognit ion. The
Standard s are processe d under the "Canvass Method"
of the Institut e in that they are submitte d to a
list of associat ions deemed by the Institut e to
have a substant ial interest in or to be affected by
the Standard . Our compress or Standard is no exception to this since it is now undergoi ng concurrent review by 17 associat ions included in the canvass list as well as by the general public. When
comments are received , the Laborato ries consider s
the merits of suggesti ons and if it is determin ed
that changes are desirabl e, such changes are submitted to all who have original ly particip ated in
developm ent of the Standard . The project was initiated shortly after publicat ion of the Standard
and, to date, very favorabl e results have been obtained. It, therefor e, appears that this Standard
will be able to qualify under the ANSI Procedur es
as an American National Standard .

It should be recogniz ed that, although these proposals represen t a consider able expansio n over the
material now containe d in the Standard , the Laboratories does not intend to present a program which
would do away with the developm ent procedur es and
techniqu es used by individu al manufac turers. It
is expected that each manufact urer, having his own
specific teclmi.qu es, will continue to follow these
practice s in order to obtain the desired level o£
confiden ce in the material or system. On the other
hand, the Laborato ries is intereste d in using manufacturer -generat ed data and verifyin g such data by
means of the test procedur es describe d above.

Compata bility of Insulatin g Material s
We previous ly mentione d the subject of compatib iliw
of electric al insulatin g material s and systems in
refriger ant-oil atmosphe res. As now written, the
Standard contains ari extremel y simplifi ed method of
evaluati on but at the same time it was recogniz ed
that a more detailed program should be establish ed.
With this thought in mind, a Technica l Advisory
Panel was formed to develop a more comprehe nsive
program for evaluatin g new material s and systems
exposed to the refriger ant and oil atmosphe re.
Basicall y, the proposed program is patterne d after
the IEEE Publicat ion No. 117 in that motorett e/
coilette samples are used and are conditio ned by
means of heat exposure and cool-dow n cycling consistent with the type of ground insulatio n and with
temperat ures expected to be 5ncounte red in service.
The test temperat ure is 140 C for stators having
paper ground insulatio n, and 155 °C for stators
having syntheti c ground insulatio n. The samples are
exposed to the refriger ant-oil mixture for a period
of 1440 hours, the heat exposure being divided into
five equal cycles. Followin g each 12 day heat exposure, the samples are maintain ed at room ambient
temperat ure for a minimum of 2 days during which
time the samples are partiall y immersed in the refrigeran t-oil mixture. After the last heat exposure and cool-dow n cycle, the samples are subjecte d
to a dielectr ic withstan d test. Each test consists
of applying a potentia l of 600 volts between windings and normally grounded metal and betv7een windings separate d by layer (phase) insulatio n for 10
Addition ally, a 120-volt potentia l is
minutes.

CONCLUSION
The Standard was develope d under Underwr iters' Laboratorie s procedur es and then submitte d to the
American National Standard s Institut e for approval
as a national standard . It is a good illustra tion
of a voluntar y product safety standard which meets
the prerequ isites for national acceptan ce,
To gain national acceptan ce, a product safety standard must represen t a consensu s of all intereste d
parties includin g the manufac turer, the consumer ,
and inspectio n authorit y concerne d with the safe
installa tion and use of the product. It should include requirem ents intended to reduce to an acceptable degree the possibil ity of fire, shock, or
casualty hazard.
These requirem ents should be based upon sound
engineer ing principl es, research , records of tests
and field experien ce, and an apprecia tion of the
problems of manufac turers, installa tion, and use
derived. This is achieved through consulta tion
with manufac turers, users, inspectio n authorit ies,
and others having specializ ed experien ce. Equally
that
importan~ they must be subject to revision
further experien ce and investig ation may show
necessar y or desirabl e.
The safe use of a manufact ured product depends
upon product design, product installa tion, and
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product use within its design limitations . The
Standards for safety of Underwriter~' Laboratorie s,
Inc. help maintain a proper balance be~ween the ~e
sponsibilit ies of the manufacture r, inspection
authority, and the user in such a way that benefit
·
accrues to all concerned,
The manufacture r benefits in that his design engineers are given the basic parameters to provide a
product that will meet or exceed safety requ~re
ments, but will not stifle the incorporati on of new
ideas into his product and improvement s to its overall quality and usefulness. While the Standards
are not intended to serve as quality Standards for
an Industry, there is difficulty in effecting a
sharp distinction between the two. UL Standards
have been referred to as building a floor under the
quality of a product.
Since UL product Standards provide the means of
coordinatio n with nationally recogni~ed safety installation codes such as the National Electrical
Code, a listed product receives wide acceptance by
inspection authorities and users.
In addition, it provides manufacture rs with the
right to contribute technical know-how and experience in the establishme nt of a proper level of
safety requirement s.
Inspection authorities , who have the responsibil ity
of ensuring public safety, are aware of the fact
that UL product Standards provide the means of coordination with nationally recogni~ed safety installation codes. They have found through experience that listed equipment, when properly installed
and maintained, does provide a satisfactor y level
of safety performance .
The user benefits in many ways. First, use of a
listed product ensures that the product incorporates suitable designs judged necessary to eliminate
to an acceptable degree fire, shock, and accident
The design is selected not by a single
ha~ard.
group, but by a consensus of all interested parties
and includes the know-how of manufacture rs, safety
engineers, inspection authorities , and others concerned with public safety.
Additionall y, the evaluation of the product includes the necessary tests to determine that the
product will be safe not only'in normal use, but
in certain conditions of abnormal operation such
as locked rotor conditions. ·
In closing, the Laboratorie s would like to express
its appreciatio n to the members of our Industry
Advisory Conference, our Technical Advisory Panel,
our Engineering Councils, Industry, and others
having an interest in this area for their contributions in the development of this Standard.
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